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? 2.2 ?????????????????????????? 39 ???????






2) ? 2????????? G. W. Bohrnstedt & D. Knoke?1988????????
8 ? 2? ?????????
? 2.1 ??????????????????????
ID ? ?? ID ? ?? ID ? ?? ID ? ??
1 ?? ?? 26 ?? ?? 51 ?? ?? 76 ?? ??
2 ?? ?? 27 ?? ?? 52 ?? ?? 77 ?? ??
3 ?? ?? 28 ?? ?? 53 ?? ?? 78 ?? ??
4 ?? ?? 29 ?? ?? 54 ?? ?? 79 ?? ??
5 ?? ?? 30 ?? ?? 55 ?? ?? 80 ?? ??
6 ?? ?? 31 ?? ?? 56 ?? ?? 81 ?? ??
7 ?? ?? 32 ?? ?? 57 ?? ?? 82 ?? ??
8 ?? ?? 33 ?? ?? 58 ?? ?? 83 ?? ??
9 ?? ?? 34 ?? ?? 59 ?? ?? 84 ?? ??
10 ?? ?? 35 ?? ?? 60 ?? ?? 85 ?? ??
11 ?? ?? 36 ?? ?? 61 ?? ?? 86 ?? ??
12 ?? ?? 37 ?? ?? 62 ?? ?? 87 ?? ??
13 ?? ?? 38 ?? ?? 63 ?? ?? 88 ?? ??
14 ?? ?? 39 ?? ?? 64 ?? ?? 89 ?? ??
15 ?? ?? 40 ?? ?? 65 ?? ?? 90 ?? ??
16 ?? ?? 41 ?? ?? 66 ?? ?? 91 ?? ??
17 ?? ?? 42 ?? ?? 67 ?? ?? 92 ?? ??
18 ?? ?? 43 ?? ?? 68 ?? ?? 93 ?? ??
19 ?? ?? 44 ?? ?? 69 ?? ?? 94 ?? ??
20 ?? ?? 45 ?? ?? 70 ?? ?? 95 ?? ??
21 ?? ?? 46 ?? ?? 71 ?? ?? 96 ?? ??
22 ?? ?? 47 ?? ?? 72 ?? ?? 97 ?? ??
23 ?? ?? 48 ?? ?? 73 ?? ?? 98 ?? ??
24 ?? ?? 49 ?? ?? 74 ?? ?? 99 ?? ??
25 ?? ?? 50 ?? ?? 75 ?? ?? 100 ?? ??
? 2.2 ???????????????
????
?? ?? ?? ?
????
?? 10 5 1 16
?? 8 28 2 38
?? 4 3 39 46
















?? 1 ?? 2 . . . ?? J ?
?
?? 1 n11 n12 : : : n1J n1






?? I nI1 nI2 : : : nIJ nI
? n1 n2 : : : nJ N
? 2.4 ????????????????
?
?? 1 ?? 2 . . . ?? J ?
?
?? 1 m11 m12 : : : m1J m1






?? I mI1 mI2 : : : mIJ mI







?????????????????? i?????????????????? i? j
????????? 1  i  I?1  j  J ????????????nij ???????
ni ???????ni ????????????N ??????????????? 2.2
???? n11 ??????????????????? 10?????n2 ??????
??????????? 38????????????????? ni ?????????
?????????????????? ni = min(ni; ni)?????n^i ???????
???????????????????? n^i = max(ni; ni)???????????
10 ? 2? ?????????
?????? n11; n22; : : : ; nIJ ?????i = j ???????????








































?????????????????????????????????? i 6= j ???

































22 ' 0:455??????? n22n2 = 2836 ' 0:778???????
n33
n3
= 3942 ' 0:929???????????????????????????????
??????????????????
???????????????????????????????????























42 ' 0:071 ????????????????????????
????????????????????????????????????????
???+??? = 1????+??? = 1????????????
2.2.2 ??????????









??????????? 1100 (100  (10 + 28 + 39)) = 0:23????
???????????????????????????????????????
????????????????????????????????????????



























jni   nij (2.8)








( ni   nii) (2.9)
????? ni ??????????????? ni ? ni ?????????????
??? 2.2???????????? 1100 ((16  10)+ (36  28)+ (42  39)) = 0:17??
???????????????=?????? + ?????????????????
?????????0:23 = 0:06 + 0:17????
???????????????????????????????????????




 ni   n^i ni=N (2.10)
3) ?????????????????????Erikson & Goldthorpe?1992?????????????
???????????????? Erikson & Goldthorpe?1992??????????????




???????? = (16 + 36 + 42)  (10 + 28 + 39)
(16 + 36 + 42)  ( 2216100 + 3836100 + 4642100 )
=
94  77



























logmij = + i + j (2.13)
???? ?   logN ??i ? log ni ??j ? log nj ??????????????
??????????????????? Origin? Destination?????????






5) ??????????????? R. Christensen?1997??M. Ishii-Kuntz?1994??P. Mair?2006????
???2005??J. K. Vermunt?1997b???????
14 ? 2? ?????????
? 2.5 ?????????????????????
????
?? ?? ?? ?
????
?? 3:52 5:76 6:72 16
?? 8:36 13:68 15:96 38
?? 10:12 16:56 19:32 46
? 22:00 36:00 42:00 100





















































































































2 ) = exp(2:279  0:640 + 0:113) ' 5:766




3 ) = exp(2:279  0:640 + 0:267) ' 6:726




1 ) = exp(2:279 + 0:225  0:380) ' 8:365




2 ) = exp(2:279 + 0:225 + 0:113) ' 13:695




3 ) = exp(2:279 + 0:225 + 0:267) ' 15:975




1 ) = exp(2:279 + 0:416  0:380) ' 10:125




2 ) = exp(2:279 + 0:416 + 0:113) ' 16:577




3 ) = exp(2:279 + 0:416 + 0:267) ' 19:337
???????????????????? 2.5??????????????????
????????????








d.f. = I  J   1  (I   1)  (J   1) (2.16)
??????7)???????????????????? I = 3?J = 3??????







































































i (i = j ???)
0 (i 6= j ???) (2.18)







?? 1 0 0
?? 0 2 0














?? ?? ?? ?
????
?? 10:00 4:78 1:22 16
?? 8:22 28:00 1:78 38
?? 3:78 3:22 38:99 46
? 22:00 36:00 42:00 100
??????????????? 2.7? 1, 2, 3???????????????????
??????????????????????????????????????
??????????????????????????







??????? 2.14? ODij ??????????????????????? ODij ?
??????????????????? 3????????????????????
???
d.f. = 3 3  1  (3  1)  (3  1)  3 = 1
????
???????????????????????????? 2.8?????????
?????????????? 2.9???????????? 2.19 ?????????
18 ? 2? ?????????
????






11 ) = exp(1:158 + 0:005 + 0:563 + 0:577) ' 10:004






12 ) = exp(1:158 + 0:005 + 0:401 + 0) ' 4:778






13 ) = exp(1:158 + 0:005  0:964 + 0) ' 1:220






21 ) = exp(1:158 + 0:385 + 0:563 + 0) ' 8:215






22 ) = exp(1:158 + 0:385 + 0:401 + 1:388) ' 27:994






23 ) = exp(1:158 + 0:385  0:964 + 0) ' 1:784






31 ) = exp(1:158  0:390 + 0:563 + 0) ' 3:785






32 ) = exp(1:158  0:390 + 0:401 + 0) ' 3:219




































































AIC = L2   2d.f. (2.20)
8) ????parsimonious??????unification???????????non ad hocness?????????




L2 d.f. BIC AIC L2
?????
[O][D] 83:9 4 65:4 75:9
?????? ?? vs. ???
[O][D][OD] 0:1 1  4:5  1:9 83:8
y. *** p < 0:001, ** p < 0:01, * p < 0:05
BIC = L2   d.f. log(N) (2.21)
??????????????????
AIC = 83:869  2 4 = 75:869
BIC = 83:869  4 log(100) ' 65:448
???????????????
AIC = 0:115  2 1 =  1:885
BIC = 0:115  1 log(100) '  4:490
????
???????????????????????????????????????
??????????????? H0????????????? H1 ?????





L2 = 83:869  0:115  2(4  1)
= 83:754  2(3) ' 0:000
???????????????????????????????????????








20 ? 2? ?????????
? 2.11 ?????????????????????
???? ??????? ???????
?? ?? ?? ? ?? ?? ?? ?
????
?? 10 5 1 16 11 3 2 16
?? 8 28 2 38 5 3 30 38
?? 4 3 39 46 6 4 36 46









d.f. = HIJ   1  (H   1)  (I   1)  (J   1)
1???????







d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (H   1)(I   1)







d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (H   1)(J   1)







d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (I   1)(J   1)
?????????









d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (H   1)(I   1)  (H   1)(J   1)









d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (H   1)(I   1)  (I   1)(J   1)









d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (H   1)(J   1)  (I   1)(J   1)
???????











d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (H   1)(I   1)  (H   1)(J   1)
  (I   1)(J   1)
?????













d.f. = HIJ   1  (H   1)  (I   1)  (J   1)  (H   1)(I   1)  (H   1)(J   1)

















































22 ? 2? ?????????
? 2.14 ???????? 2??????????????????????????y.
L2 df BICz. AICz.
??????
??? 1 [PO][PD] 111.1 8 68.7 95.1
???????
??? 2 [PO][PD][OD] 35.3 5 8.8 25.3
????????unidiff?
??? 3 [PO][PD][POD]§. 20.7 4 -0.5 12.7
??????
??? 4 [PO][PD][OD] 27.3 4 6.1 19.3
?????
??? 5 [POD] 0 0 0 0
y. P? 2????????O? 3??????????D? 3???
??????????????
z. BIC = L2   d.f. logN?AIC = L2   2d.f.?











































ODij = 0 (2.24)
ODij =
(
i (i = j ???)
0 (i 6= j ???) (2.25)
P1 = 1 (2.26)
?????ODij = 0?Ph = 0???????????????????????????
???????????????? ODij = 0?Ph = 1?? ODij ???????????
???? Ph ???? OD??????? unidiff?????????????????
??? Ph = 0?? ODij ????????????????????????????
2.14???????????????????????????????? 2.16????
2.5 ??? 23
? 2.15 ???????? Ph ODij ???????
???? ??????? ???????








L2 = 35:3  20:7  2(5  4)






[PO][PD][POD] ????????? Ph ODij ?????? 2.15 ?????????












24 ? 2? ?????????
? 2.16 ????????????????
[PO][PD] [PO][PD][OD] [PO][PD][POD] [PO][PD][OD]
?????
 2.145 1.457 1.45 1.876
1????
P1 0.133 0.14 -0.337 0.121
P2 -0.133 -0.14 0.337 -0.121
O1 -0.64 -0.684 -0.511 -0.599
O2 0.225 0.799 0.687 0.483
O3 0.416 -0.115 -0.175 0.116
D1 -0.246 -0.167 0.06 0.046
D2 -0.394 -0.109 0.006 -0.336
D3 0.641 0.276 -0.066 0.29
2????
PO11 0 -0.068 -0.034 -0.171
PO12 0 -0.166 0.148 -0.124
PO13 0 0.234 -0.114 0.295
PO21 0 0.068 0.034 0.171
PO22 0 0.166 -0.148 0.124
PO23 0 -0.234 0.114 -0.295
PD11 -0.133 -0.081 0.067 -0.068
PD12 0.507 0.583 0.772 0.601
PD13 -0.374 -0.502 -0.839 -0.533
PD21 0.133 0.081 -0.067 0.068
PD22 -0.507 -0.583 -0.772 -0.601
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1) Boudon?1973=1983: 13-8?? Sorokin??????????????????????
2) ?????2006????????????????????????????????????????





















1959??????? Seymour Lipset? Reinhard Bendix???????????Lipset
& Bendix 1959=1969???????Lipset? Hans Zetterberg??????????? LZ
???????????????????????????????????????














28 ? 3? ????????????
??????????Lipset & Bendix 1959=1969: 72????????????Erikson &
Goldthorpe?1992????LZ???????????????????????Erikson
& Goldthorpe 1992: 66??????????????????????????????
???????????? LZ?????????????????????
???????????????????????????????????????










S. M. Lipset & R. Bendix?1959=1969??????????????????????
?????????????????Lipset & Bendix 1959=1969: 75-110???????
????????????????????????????????????????
??????????????????????Lipset & Bendix 1959=1969: 109???
????????????????????????????4)????????????
?????????—????????—??????????????????Lipset
& Bendix 1959=1969: 80?????????????????????????????
????????????????????????????????????????
















































6) ??????????? M. Allais? 1946???????????????????????????
???? 1971: 33?????????????????????????????? Yasuda?1964??
???
















? 2 ?????????????????????????????? Goodman
?1969b????????????????????????????????Boudon









































?????????????David Featherman, Lancaster Jones and Robert Hauser?1975?











32 ? 3? ????????????
????????????????????????????????????




1975: 340?????????????????????Robert M. Hauser et al.?1975?























??? G. Carlsson ?1958???????????????????????????
7) ????????????????? 2????????1. ???????????????????
?????????2. ????????????????????????????????????






John H. Goldthorpe?????????? Robert Erikson? Lucienne Portocarero???
????????????????????????????9)?
??? Goldthorpe et al??1980?1987???????????????????????
????????????????????????????????????????






???????????? (absolute)??????? (de facto)???? (mobility
rates)??????????????????????????????????
????????????????????????????????????
(relative mobility rates)??????????????? (absolute rates)????
?????????????????????1?????????????? (an
absolute rate)???????????????????????????????
??????Goldthorpe et al?1980?1987: 29??
????????????????????????????????????????







?????????????????Erikson et al. 1982: 3??? 2??????????




9) Featherman et al.?1975??????Robert Erikson et al.?1979??? LZ?????????????




10) ??????????Goldthorpe et al??1980?1987????? Yasuda?1964????????????
???????????Goldthorpe et al?1980?1987: 75, 87?????Erikson et al.?1982: 3????
? F. Parkin?1971?? J. D. Stephens?1979???????????????????????????
34 ? 3? ????????????












































??????Breen & Jonsson 2007: 1804??
Goldthorpe ???????? Breen ???????????????????????






























1970?????????????? Featherman et al.?1975???????????
??????????????????????????????? FJH ?????
?Featherman et al. 1975??????????????????????OD ?????
???????????????????????????????????????
????





& Goldthorpe 1995: 194?????????????????????????????
???????????????????????Ishida & Goldthorpe 1995: 200???
?????????????????????????????????????? FJH





































Featherman, Jones and Hauser1975
??????????? (FJH??)














Slomczynski1984 Grusky and Hauser1984
? Sobel1983????? ? FJH?????
Sobel, Hout and Duncan1985
?????????????
Kerckhoff, Campbell and Winfield-Laird1985
???????????FJH?????
Hout and Jackson1986
38 ? 3? ????????????
????????SHD??????











?? 1992 Erikson and Goldthorpe1992




















































































? 2?????????????????? Goldthorpe et al??1980?1987???30-35





































































????????????? 16????????????? 16   69 =  53?????
1985 ????????????? 53 ?????????????????????53
????????????1985   53 = 1932???????????????????
?????????????????????????1930-2005??????????
?????????????1930???? 2005??????????????????
??????????????????1930-49 ??1950-9 ??1960-9 ??1970-9 ??
































1940? 0:525 0:632 0:416
1950? 0:626 0:681 0:398
1960? 0:719 0:759 0:454
1970? 0:748 0:756 0:403
1980? 0:779 0:725 0:301
1990? 0:824 0:710 0:248
??
1940? 0:721 0:712 0:412
1950? 0:680 0:720 0:439
1960? 0:795 0:814 0:506
1970? 0:900 0:853 0:478
1980? 0:884 0:829 0:491
1990? 0:896 0:804 0:414













??????????????? 1940??? 0.525???1960??? 0.719????
1990??? 0.824???????????????????????????????
???????????????????????????????????? 1940?











??? 3.2?? 3.3??????????????????? 3.4????

































ODij = 0 (3.2)
C1 = 1 (3.3)
ODij =
(
i (i = j ???)
0 (i 6= j ???) (3.4)
? 3.1????????????Ch ??????????Oi ?????????Dj ?
????????????????????????????????Ch ? unidiff??




?????? 3.1? ODij = 0?Ch = 0?????????????????????
??????ODij = 0?Ch = 1???????????ODij = 0?? Ch ??????





44 ? 3? ????????????
? 3.3 ???????????????? y.
?? ??
L2 df BICz. AICz. L2 df BICz. AICz.
??????
??? 1 [CO][CD] 1898.6 216 -1.1 1466.6 982.8 216 -904.9 550.8
???????
??? 2 [CO][CD][OD] 543.4 209 -1294.8 125.4 500 209 -1326.6 82
????????unidiff?
??? 3 [CO][CD][COD]§. 540.6 204 -1253.6 132.6 490.9 204 -1292 82.9
??????
??? 4 [CO][CD][OD] 192.7 180 -1390.4 -167.3 179.1 180 -1394 -180.9
y. C? 6???????????O? 7??????????D? 7???????????
???????
z. BIC = L2   d.f. logN?AIC = L2   2d.f.?
§. [COD] ?????? unidiff????????
BIC? AIC?????????????????????????????????








?Agresti 1990????? 4?????????????? ODij ?????? ODij ??
?????????????????????OD?????????????????
?????? 3.4??????? 3.5???????????????????????
????????? 3.6??????? 3.7????????????? 6???????












?? ?? ?W ?W ? B ? B ??
?? 1:484  0:052  0:422  0:225  0:289 0:027  0:523
?? 0:072 0:931 0:463 0:356  0:328  0:582  0:912
?W  0:687 0:260 0:519 0:142 0:096  0:312  0:018
?W 0:382  0:106 0:152 0:348  0:315  0:039  0:423
? B  0:752 0:001 0:174 0:081 0:752 0:253  0:509
? B 0:068  0:424  0:351  0:158 0:195 0:489 0:182
??  0:567  0:611  0:535  0:543  0:111 0:164 2:203
? 3.5 ?????????
?? ?? ?W ?W ? B ? B ??
?? 0:806  0:149  0:162  0:128  0:020 0:012  0:358
?? 0:350 0:623 0:544  0:003  0:166  0:714  0:634
?W  0:574 0:309 0:574 0:237  0:098  0:199  0:249
?W 0:454  0:103  0:098 0:208  0:338  0:049  0:073
? B  0:582 0:034 0:396 0:068 0:486 0:236  0:639
? B  0:012  0:322  0:421  0:026 0:203 0:418 0:160




















































































































48 ? 4? ?????????——Adam Swift???????????
? 4.1 ??????
?? A ?? B ?? C
?? A ?? B ?? A ?? B ?? A ?? B
?? A 25 25 30 30 20 30
?? B 25 25 20 20 20 30
? 4.2 ???????
?? A ?? B
?? A 50 0
?? B 0 50
?????????????????????????? 3????????????





















X = (X1; X2)????? f(x1; x2)?????????????????X1?X2 ????????









????????????Goodman 1969;?? 1979: 61???????????????
????????????????????????????????????????
????? 2????????????????????????????? 1971: 33?




























































?outcome??????????????????????? Swift ????????? Gordon Marshall
??????????????Marshall???????equality of outcome?????????????
???????Marshall & Swift 1993; Marshall et al. 1997; Marshall 1997?????Goldthorpe????
??????????????????Erikson & Goldthorpe 1992; Goldthorpe 2007a,b??



































???????????????????Maynard Smith & Price 1973??




































































































































































































































????????? Featherman et al. ?1975??????????????????
????????????????????????????????Featherman et al.
?1975?????????????????????????????????????
















60 ? 5? ??????????——Michael Sobel?????????








?index of association???????index of dissociation??????????????
Glass eds.?1954???????????????????????????????























5.2 ???? vs. ??????????? 61
????????????????????????????????????????
???????????????????
??????????????? vs. ??????????? vs. ????????
????????????????? Yasuda ?1964???????????????
?? Jackson & Crockett ?1964?????????????????????????
????????????????????????????????????????
?Jackson & Crockett 1964: 8????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????Jackson & Crockett 1964: 8??????????Yasuda?1964??
Jackson & Crockett?1964????????????????????????????
??Jackson & Crockett?1964??????????????????????????











????????N ?????nij ???????????ni ???????ni ???




??????? = i;j;i 6=jnij
i;j;i6=jmij
(5.1)
???????Glass & Hall 1954; ?? 1971: 77?2)????????????????
1) ???? vs. ??????????? vs. ??????????????????????Yasuda?1964?
???????????????????????????????????????????????
??????????????????????Goodman?1969b?? Featherman & Hauser?1978: 71?
??????????????????????????????????????????????
??
2) ?????????????1971: 77?????????????????????????D. V. Glass






 j ni   ni j (5.2)
??????????????
???????? =  nij   nii
 nij   n^ij nij=N (5.3)
????????????????????????????????????????
????????????????????????????????????????




















Tyree?1973???????????????????????????? L. E. Hazelrigg
?1974???????????????????? vs.????????? Yasuda?1964?
& J. R. Hall ?1954???????????????????????????? Glass & Hall?1954:












Goodman?1969b?? Featherman et al.?1975??????????????????
???????????????????????????????????????
????????????????????????????????????????









?circulation mobility????????????????????????Featherman et al.
1975: 339-40??????????????????????????????????
????????????????????????????????????????
???Featherman et al. 1975: 340???????







?????????????????Featherman & Hauser 1978: 12??
3) A. Naoi & K. Slomczynski?1986??????????????????????????? vs. ???
???????????????????????????????????????????????
???????????????????
4) Featherman et al.?1975????????????????????????????????????
?????????????????????????????










????Featherman et al.?1975?? Featherman & Hauser?1978?????????
? vs. ?????????????????????????????????????
??????????????????????? Featherman et al.?1975??????
?????????????????????????? Goodman?????Goodman






?????? Blau et al.?1967??????????????????????????
????????????????????????????????????????
?????????????????Featherman et al.?1975?? Featherman & Hauser
?1978?????????????????????????????????????
?????????




































????Sobel? Sobel et al.?1985????????? SHD???????????
? vs. ?????????????????????????????????????
???????Sobel et al.?1985?????????????????????????


















???? vs. ?????????????? SHD?????????????????
???????5)???????????????????????Erikson & Goldthorpe
1992: 59???????????????????????????????????
Sobel et al.?1985??????????????????????? vs. ???????
?????????????
???Sobel et al.?1985???????????? Michael Hout? M. Hout?1988?
???????? vs. ?????????????????????????????
??????????????????????????????Erikson & Goldthorpe
?1992?????? vs. ????????????????????? vs. ??????




????????????????????????? Sobel et al. ?1985??Hout
?1988????? Erikson & Goldthorpe?1992?? 3????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????? vs. ?????????????? Sobel
?????????????? vs. ?????????????? SHD ??????
???????????????????????????????? Featherman et al.
?1975?? Featherman & Hauser?1978??????????? vs. ?????????
?????????????????????









???????Broom & Jones 1969; Hazelrigg 1974; Tyree 1973???????????
????????????????????????????????????????
????????????????????????????????Featherman et al.























































1990; ?? 1970; ??? 1979; ?? 1992; ?? 1971????????????????
???????????????????????????????????????




































??Andrienko & Andrienko 2006?3)????? EDA ???????????????
???4)?
?????EDA???????? I. J. Good?1983??5)?????????????













5) Good?1983?? EDA???? 1. ??????? 2. ???????3. ???????4. ??????
?????????????5. ??????????????


























? 6.1 ??????????????? y.

















72 ? 6? EDA???——?????????????????
? 6.1 ??????1940????
???? ?? ?? ?W ?W ? B ? B ?? ??
???
?? 20 14 19 15 11 22 8 109
?? 5 13 10 5 1 3 2 39
?W 2 3 3 7 1 3 0 19
?W 0 0 1 3 0 2 0 6
? B 1 0 3 3 1 3 1 12
? B 6 2 4 3 3 8 4 30
?? 21 15 13 22 16 50 75 212
?? 55 47 53 58 33 91 90 427
?????????????????????????? EDA????EDA?????












? 1971????????????????????????????? 1940 ????
1990????? 6???????????????1930??? 2000????????
??????????? 1940 ??? 1990 ???????????SSM ???????







































































































































































???????? R? fields?????????Furrer et al. 2009?????? 6.3??
????????? B????
?????????????????? 1940??? 1990???? 6???????
????????? 6.4????? 6.4???? 1??????2??????????

























































































































































































































































? 6.4 ????????????????? y.





































76 ? 6? EDA???——?????????????????
? 6.2 Moran’s I? Griffith’s STI??? y.
?? ??
? p z? ? p z?
Moran’s I
1940? 0.327 *** (4.114) 0.415 *** (4.815)
1950? 0.394 *** (4.382) 0.305 *** (3.315)
1960? 0.335 *** (3.688) 0.289 ** (3.030)
1970? 0.395 *** (4.109) 0.381 *** (3.869)
1980? 0.174 * (1.948) 0.319 *** (3.350)
1990? 0.065 - (0.897) 0.194 * (2.102)
Griffith’s STI
1940-90? 0.277 *** (6.760) 0.239 *** (5.852)








































???????????????? Griffith’s STI?Spatial Temporal Index??????
??Griffith 1981???????????????
























































































??????? 2010a; Fortin & Dale 2005; Haining 2003; Hurlbert 1984; Legendre 1993;













??????????????????????????Fortin & Dale 2005?????
????????????????????????????????????????
Moran’s I?????????????????? Griffith’s STI???????????
????????????????????? R????Ihaka & Gentleman 1996??sp



























































??????????? 7.1 ????? 7.1 ????? (0; 0)(1; 0)(1; 1)(0; 1)(0; 0) ?






???line feature?????????area feature???????????????? 2009: 11-28????
??????2010??????????????????????????????????????
??????????????????????
82 ? 7? ????????——????????
? 7.1 ?????????
NM M F
NM 20 10 5
M 10 20 5







?????????????????????Cressie 1993: 11-12??? 7.5?????












































???????? 1??????????? 1????? 2??? 1????? 4???












































0 1 1 0
1 0 0 1
1 0 0 1









0 0 0 1
0 0 1 0
0 1 0 0









0 1 1 1
1 0 1 1
1 1 0 1




????????? j ???????????????????????????? 0?




?????? 7.8?? 7.1?????????????????? 1??? 2??? 3
????????????? 1???? (0; 1; 1; 0)?????????????????
7.2 ???????????? 85
?? 2??? 3??? 1??????????????????? 2?????? 1?
?? 4??????? 2???? (1; 0; 0; 1)?????????? 1??? 4??? 1?
??????? 3?????? 1??? 4??????? 3???? (1; 0; 0; 1)????
?????? 1??? 4 ??? 1 ???????????? 4?????? 2 ??? 3











0 1=2 1=2 0
1=2 0 0 1=2
1=2 0 0 1=2





Cliff & J. K. Ord?1981b??????????????????????????????








86 ? 7? ????????——????????
















M.-J. Fortin & M. R. T. Dale ?2005???????????????? 7.11 ????
??A? C???????????????????????A? B??? A? C??
??????????A? B???????????????????????????
?????? A? C????????A? D???????????????????
?????????????????????????? 7.11???????????
?? A? B??????????????????????????????????















?Moran’s I?????????Cliff & Ord 1973; Moran 1950?8)??????Moran’s I
??????????????????????????????Nestel & Klein 1995?
?????????????Kenkel et al. 1997???????????????????
?????? 2002?????????????????????????????Loth














n?????wij ??????????????? i? j ??????????????
?????????x1; x2; :::xn ?????????x ??????????z1; z2; :::zn
???????????????? (x1   x); (x2   x); :::(xn   x)????S0 ????
??????Pni=1Pnj=1 wij ????Moran’s I?????????????/????









???????? 7.6????????? 1????????Local Moran’s I????????????
??F. Csillag & B. Boots?2005???EDA?????????????????????Moran’s I?
????????????? Local Moran’s I????????????????














Moran’s I?????????????????????? IG ?????????
8) Moran’s I ???? Roger S. Bivand et al.?2008????2009, 2010a??N. Cressie?1993??N. Cressie &
C. K. Wikle?2011??Fortin & Dale?2005???????2011??C. Gaetan & X. Guyon?2010??G. M.
Henebry?1995?????????2004?????2010???????
88 ? 7? ????????——????????
?????Henebry 1995?9)??????????? Moran’s I???????????













(n2S1   nS2 + 3S20)
(n2   1)S20






























IM   E(IM )p
Var(IM )
(7.9)
Moran’s I??????? z ????????????????????????z ??
??????????????????????? H0 ????? H1 ??????
H0 :????????????????
H1 :?????????????????????
9) wij ?????????? n?? z1; :::; zn ?????? 2????????????????????
? 1958?????W = wij?Z = zi ?????? 7.6? IM = n=S0 Z0WZ=Z0Z???????
??????Cressie 1993; Cressie & Wikle 2011;?? 2005??
10) Moran’s I??????????????????????????????????????????
?????modifiable areal unit problem????????????????????????????
Monra’s I???????????????????Moran’s I???????????????????
?????????????????????Chou 1991?? 2010: 74-5??
7.3 ????????Moran’s I 89












0 1 1 0
1 0 0 1
1 0 0 1
0 1 1 0
1CCA
? 7.6????? 7.2???????????????????????









(wi1 + wi2 + wi3 + wi4)
=
0BB@
w11 + w12 + w13 + w14
+w21 + w22 + w23 + w24
+w31 + w32 + w33 + w34




0 + 1 + 1 + 0
+1 + 0 + 0 + 1
+1 + 0 + 0 + 1













(wi1ziz1 + wi2ziz2 + wi3ziz3 + wi4ziz4)
= n
0BB@
w11z1z1 + w12z1z2 + w13z1z3 + w14z1z4
+w21z2z1 + w22z2z2 + w23z2z3 + w24z2z4
+w31z3z1 + w32z3z2 + w33z3z3 + w34z3z4




0  1:25  1:25 + 0
 1:25 + 0 + 0 + 0:75
 1:25 + 0 + 0 + 0:75








z2i = S0  (z21 + z22 + z23 + z24)












4  1 '  0:333
????? 7.8????????????S1?S2 ??????
















2 + (wi2 + w2i)
2 + (wi3 + w3i)








2 + (w12 + w21)
2 + (w13 + w31)
2 + (w14 + w41)
2
+(w21 + w12)
2 + (w22 + w22)
2 + (w23 + w32)
2 + (w24 + w42)
2
+(w31 + w13)
2 + (w32 + w23)
2 + (w33 + w33)
2 + (w34 + w43)
2
+(w41 + w14)
2 + (w42 + w24)
2 + (w43 + w34)








0 + 4 + 4 + 0
+4 + 0 + 0 + 4
+4 + 0 + 0 + 4





















(w11 + w12 + w13 + w14 + w11 + w21 + w31 + w41)
2
+(w21 + w22 + w23 + w24 + w12 + w22 + w32 + w42)
2
+(w31 + w32 + w33 + w34 + w13 + w23 + w33 + w43)
2





(0 + 1 + 1 + 0 + 0 + 1 + 1 + 0)2
+(1 + 0 + 0 + 1 + 1 + 0 + 0 + 1)2
+(1 + 0 + 0 + 1 + 1 + 0 + 0 + 1)2
+(0 + 1 + 1 + 0 + 0 + 1 + 1 + 0)2
1CCA








(42  16  4 64 + 3 82)
(42   1) 82   ( 0:333)
2
' 256  256 + 192










92 ? 7? ????????——????????
























?????????????????????????Cressie & Wikle 2011: 297??
7.4.2 Griffith’s STI??
Griffith’s STI ?????????????????????????????space-
time index; STI?? 1?????Griffith 1981?11)?Griffith’s STI??????????
????????????Cressie & Wikle 2011; Fortin & Dale 2005; Parrott et al. 2008?



























11) Griffith’s STI??????Cliff & Ord?1981a??N. Cressie & C. K. Wikle?2011??Fortin & Dale?2005??
D. W. Griffith?1981??G. M. Henebry?1995????????
7.4 ????????? Griffith’s STI 93
wijt =
(










????n ?????T ?????????????wijt ?? 7.11 ???????
????????????????? 7.11 ?????????? 1 ???????
?????????????????????? i?j ??????????????
????????????? t ?????????????????x1t; x2t; :::xnt ?
???? t ???????????x ?? 7.12 ?????????????????
??????????z1t; z2t; :::znt ????? t ????????????????
(x1t   x); (x2t   x); :::(xnt   x)????
?????? 7.6 ? Moran’s I ?????????????? Durbin-Watson ???
???????????????Henebry 1995?12)?????? 7.11????????
???????????????????????????????????????
?Henebry 1995????? Griffith’s STI??????????????????????
????????????????Moran’s I???????????????????
??Moran’s I???? ( 1  STI  1)?????????????????????







T (nT   1) (7.13)
???? 7.14???????


















94 ? 7? ????????——????????
? 7.3 Griffith’s STI????????
? ?
A B A B
A 5 2 2 5



















(T   1)2(2n2T 2S1   4nTS2 + 3S20)












Griffiths’ STI ????????????????? R ????????? D. W.
Griffith?1981?????? R????????????? C????????????
??????? sp?????? spdep?????????????Bivand 2011; Pebesma




0 1 1 0
1 0 0 1
1 0 0 1
0 1 1 0
1CCA ; wij2 =
0BB@
0 1 1 0
1 0 0 1
1 0 0 1
0 1 1 0
1CCA
??? 7.10????? 7.3?????????????????????
7.4 ????????? Griffith’s STI 95


















x11 + x21 + x31 + x41






5 + 2 + 2 + 2
+2 + 2 + 5 + 2

= 2:75
(z11; z21; z31; z41) = ((x11   x); (x21   x); (x31   x); (x41   x))
= (2:25; 0:75; 0:75; 0:75)




















w11t 1z1tz1t 1 + w12t 1z1tz2t 1 + w13t 1z1tz3t 1 + w14t 1z1tz4t 1
+w21t 1z2tz1t 1 + w22t 1z2tz2t 1 + w23t 1z2tz3t 1 + w24t 1z2tz4t 1
+w31t 1z3tz1t 1 + w32t 1z3tz2t 1 + w33t 1z3tz3t 1 + w34t 1z3tz4t 1




w111z12z11 + w121z12z21 + w131z12z31 + w141z12z41
+w211z22z11 + w221z22z21 + w231z22z31 + w241z22z41
+w311z32z11 + w321z32z21 + w331z32z31 + w341z32z41




0 + 0:563 + 0:563 + 0
 1:688 + 0 + 0 + 0:563
+5:063 + 0 + 0  1:688
































w11t 1 + w12t 1 + w13t 1 + w14t 1
+w21t 1 + w22t 1 + w23t 1 + w24t 1
+w31t 1 + w32t 1 + w33t 1 + w34t 1












w111 + w121 + w131 + w141
+w211 + w221 + w231 + w241
+w311 + w321 + w331 + w341
+w411 + w421 + w431 + w441




0 + 1 + 1 + 0
+1 + 0 + 0 + 1
+1 + 0 + 0 + 1
+0 + 1 + 1 + 0
1CCA  (2:25)2 + ( 0:75)2 + ( 0:75)2 + ( 0:75)2+( 0:75)2 + ( 0:75)2 + (2:25)2 + ( 0:75)2

= 8 (6:75 + 6:75)
= 108
??????




























T (nT   1)
=
 (2  1)
2 (4 2  1)
'  0:071
????????????? S0?S1?S2 ??????


















w11t 1 + w12t 1 + w13t 1 + w14t 1
+w21t 1 + w22t 1 + w23t 1 + w24t 1
+w31t 1 + w32t 1 + w33t 1 + w34t 1




w111 + w121 + w131 + w141
+w211 + w221 + w231 + w241
+w311 + w321 + w331 + w341




0 + 1 + 1 + 0
+1 + 0 + 0 + 1
+1 + 0 + 0 + 1
























































































02 + 12 + 12 + 02
+12 + 02 + 02 + 12
+12 + 02 + 02 + 12
+02 + 12 + 12 + 02
1CCA
= 8























(w111 + w121 + w131 + w141)
2
+(w211 + w221 + w231 + w241)
2
+(w311 + w321 + w331 + w341)
2





(0 + 1 + 1 + 0)2
+(1 + 0 + 0 + 1)2
+(1 + 0 + 0 + 1)2
+(0 + 1 + 1 + 0)2
1CCA




(T   1)2(2n2T 2S1   4nTS2 + 3S20)
T 2(nT   1)(nT + 1)S20
=
((2  1)2  (2 42  22  8  4 4 2 16 + 3 82))
(22  (4 2  1) (4 2 + 1) 82)
=




Var(STI) = E(STI2)  (E(STI))2








































??????? Anselin?1988????2009???????2011??J. LeSage & R. K. Pace
?2009?????2010???????
?????????????????????????????????????











y. ?????2004: 116?????????2010: 139?????????????
13) ??????????????????? Cliff & Ord?1973???????????????????
?????????????????????????????????????????????
100 ? 7? ????????——????????
7.5.1 ????????????????
?????????????????
yi = + 1xi1 + 2xi2; :::; pxip + i (i = 1; 2; :::; n)
i  N(0; 2)
(7.16)
????????yi ??????? ????1; 2; :::; q ??????x1i; x2i; :::; xqi




































y = +X + 
  N(0; 2I) (7.17)




?? Durbin????spatial Durbin model; SDM??????????????????
??????????
y = W1y + +X + u
u = W2u+ 
  N(0; 2I)
(7.18)
???????????????????????W1 ??????????????
?????W2 ????????W1 = 0????????????????????
???????????spatial error model; SEM??????W2 = 0????????
????????????????????????????????????????
???????????????????????? 2010??????????????
?????????????????W2 = 0?X = 0???????????????
???????
??????????????????????spatial autoregression model; SAR
model?????????????





y = Wy + 
????????????????????? 7.19?????????
?? ???? 0??? 2I???????????????????
  N(0; 2I) (7.20)
????? 7.19??????????
jI  Wj > 0 (7.21)
???????? 7.19????? y??????????????????
















Anselin?1988?? J. LeSage & R. K. Pace?2009????????????
???????????? y?Wy??? 2??????????????????
???
y = 0+ 0
0  N(0; 2I)
(7.24)
Wy = d+ d
d  N(0; 2I)
(7.25)










0 = y   0
d =Wy   d (7.27)
???????????????????????????????2????????
??????????? ??????????????
d = 0 (7.28)
??????????? 7.28???? ?????????????
?????? 7.28?????
 = 0   d (7.29)
????????????
0 = 0   d (7.30)
?????? 7.20????0   d ???????????????????
????0   d ??????????????????????????????
7.21????????????????????????????????0  d ??
?????????????









 jI  Wj (7.31)
?????????





































???????????0   d ?????????????????





























2(0   d)0(0   d) (0   d)










ln(0   d)0(0   d)  N
2













ln(0   d)0(0   d) + ln jI  Wj
(7.32)
????
Anselin?1988?? LeSage & Pace?2009????????????????????
???  ???????????????? vectorized approach ??????????





1CCCA =  N2 (ln(2=N)+1) N2
0BBB@
ln(0   1d)0(0   1d)
ln(0   2d)0(0   2d)
...








???????????? ???????????????? ? 2 ??????
?????




(0   d)0(0   d)
(7.33)
???????? Anselin?1988?????????????????
1) y???? ? OLS?????0 ?????
2) Wy???? ? OLS?????d ?????
3) ?? 0 ??? d ?????
4) 0 ? d ???????lnL()?????? ?????



















  2(1) (7.34)
????????W ????????N ????????LM ???? 1? 2 ??




























???????????????????????????????? Breen & Jonsson
?2007?????????????????????????????????????






1990????????????????????????Giddens 2006=2009: 356; ??
106 ? 8? ?????????????????????
2001????1)?????????????????????????? OD?????
????????????? Saunders?1990, 1995, 1996, 1997???????????
??? Oxford ?? Nuffield ???????????? Goldthorpe et al??1980?1987?






















et al. 1997: 40??????????????????????????????????
??????Savage & Egerton 1997: 668?????????????????????













































108 ? 8? ?????????????????????
? 8.1 ????????????
2000? 2010? 2020?
NM M F NM M F NM M F
NM 20 5 5 20 5 5 20 5 5
M 5 20 5 5 20 5 5 30 5




























Fortin & Dale 2005; Haining 2003; Hurlbert 1984; Legendre 1993; Legendre et al. 2002;?
??? 1989??????????????????????????????????












??? 6 ???????????????1930 ??? 2000 ????????????
??????? 1940??? 1990???????????SSM????????1995?




















? 8.1???? ????????W????????N ????????LM ???
? 1? 2 ???????????????????????Wrook ????????

















































??????????????????? OD ??????2)?? 8.2 ??? ODij ??
???????????????????????????????? OD ?????
????????????????????????  = ????N   exp(ODij )?????
???
??????2001???????????????????? OD????????
???????????????????????????????COhi + CDhj + ODij
???????????????????????????????????????
??? OD ??????????????????????????????????
 = ????N   exp(COhi +CDhj +ODij )???????????????????????
????????????
8.3.3 ?????
?????? 8.2????????????? OD?????????????? 1960
???? 0.1% ??????????????????????1960 ????????
????????????????????????????????????????
????????????????????????????????????
2) ????????Agresti 1990: 321???????????????????????????????
????????????????
8.3 ?? 1——?????????? 111
? 8.2 LM????? y.
??? OD??? OD?????
?? ?? ?? ??
1940? 0.59 - 0.52 - 18.04 *** 38.05 ***
1950? 1.57 - 1.50 - 17.74 *** 37.75 ***
1960? 11.03 *** 12.27 *** 17.37 *** 36.97 ***
1970? 24.52 *** 53.41 *** 17.36 *** 36.95 ***
1980? 47.87 *** 59.50 *** 17.41 *** 36.95 ***
1990? 43.73 *** 48.51 *** 17.50 *** 37.07 ***

















?????????????? Breen & Goldthorpe?1999?? Saunders?1996????
????????????????????????????????Saunders?1996?
????????????????????????????????????????





4) Featherman et al.?1975????????????????????????Featherman & Hauser?1978?
??????????????????????????














y = Wy + + 
  N(0; 2I) (8.4)
y???????????????????W????????????????
























































































































































??????? 1??????? 8.4????W =W1940mf ??????????
8.5 ?? 2——????????? 115
?????? 1940???????????????????????????????




?????????? ?????????1940??? 0.66?1950??? 0.65????
1970??????????????? 1940????????????????????
????????????????????????????????????
????AIC ?????? 1940 ?????? 1 ? 424.7???? 2 ? 428.5 ????









1? ?????????????? 1940???? 0.78?????1950???? 0.39
????????????????????????????????????????
??????????????????
????AIC? BIC?????1940?? 1950?????? 1?1960???????
2??????????1940-50?????? 1?1960???????? 2??????
????????????????????????????????????????
?????? 2? 1970??? ? 0.74????????????? 1990??????
?????????????????????????????????????
116
? 8.3 ?????????????????y. z.
??? 1 ??? 2
?? p SE -2LL AIC§. BIC§. LM p ?? p SE -2LL AIC§. BIC§. LM p
1940?
?? 5.23 * 2.58 418.7 424.7 431.7 0.36 - 5.72 * 2.68 422.5 428.5 435.5 0.51 -
 0.66 *** 0.09 0.67 *** 0.08
1950?
?? 9.44 * 4.17 461.3 467.3 475.5 0.60 - 8.54 * 3.87 458.1 464.1 472.4 0.59 -
 0.65 *** 0.09 0.72 *** 0.07
1960?
?? 25.07 *** 7.28 498.9 504.9 513.8 0.42 - 19.64 ** 6.43 491.1 497.1 506 0.01 -
 0.28 * 0.14 0.45 *** 0.12
1970?
?? 20.74 *** 5.57 464.2 470.2 478.8 0.28 - 14.95 ** 4.63 452.4 458.4 467 0.00 -
 0.31 * 0.13 0.50 *** 0.11
1980?
?? 16.05 *** 3.77 426.6 432.6 440.2 0.01 - 10.21 ** 3.14 416.4 422.4 430 0.00 -
 0.12 - 0.15 0.43 *** 0.12
1990?
?? 9.74 *** 2.65 400.6 406.6 413.3 0.00 - 7.87 ** 2.44 396.5 402.5 409.2 0.00 -
 0.17 - 0.14 0.33 * 0.13
y. N = 669?1940???N = 1256?1950???N = 1731?1960???N = 1476?1970???N = 897?1980???
N = 572?1990??
z. *** p < 0:001, ** p < 0:01, * p < 0:05
§. AIC =  2LL+ 2???????BIC =  2LL+ 2 log(N)
117
? 8.4 ?????????????????y. z.
??? 1 ??? 2
?? p SE -2LL AIC§. BIC§. LM p ?? p SE -2LL AIC§. BIC§. LM p
1940?
?? 2.25 - 1.16 345.7 351.7 357.8 0.00 - 8.36 *** 2.24 391.3 397.3 403.4 0.00 -
 0.78 *** 0.06 0.05 - 0.14
1950?
?? 12.99 ** 4.62 462.8 468.8 476.7 0.45 - 17.39 *** 5.12 471.1 477.1 484.9 0.01 -
 0.39 ** 0.13 0.21 - 0.13
1960?
?? 27.24 *** 7.16 496.6 502.6 511.3 0.10 - 16.56 ** 5.72 483.1 489.1 497.8 0.30 -
 0.15 - 0.14 0.55 *** 0.10
1970?
?? 24.13 *** 6.29 481 487 495.6 0.10 - 9.18 * 3.58 444.6 450.6 459.2 0.39 -
 0.19 - 0.14 0.74 *** 0.07
1980?
?? 16.11 *** 4.47 452.2 458.2 466 0.02 - 8.25 ** 3.15 430.5 436.5 444.3 0.05 -
 0.19 - 0.14 0.62 *** 0.09
1990?
?? 13.15 *** 3.58 431.8 437.8 445.1 0.00 - 8.19 ** 2.91 419.6 425.6 432.8 0.00 -
 0.14 - 0.14 0.48 *** 0.11
y. N = 427?1940???N = 1026?1950???N = 1583?1960???N = 1480?1970???N = 982?1980???
N = 746?1990??
z. *** p < 0:001, ** p < 0:01, * p < 0:05
























































































































































































































































? 8.5 ???????????????? y. z.
y. ?W?????????????W?????????????? B???????????
? B?????????????????
z. ???? 1940 ????? 1 ??1950-90 ????? 2 ????????????? 1940-50
????? 1 ??1960-90 ????? 2 ?????????
8.6 ?? 119
8.5.4 ????????????????






























???????????????????? 1 ??? 6 ?????????????
????????????????????????????????????????
??????????????? 2????????????????????????





















































































??????? EDA??????????????Andrienko & Andrienko?2006??
????????????????????????????????????????



















?? A 1940???? 1990??????????????
? 1 1940???? 1990???????????
????
1930-49? 1 2 3 4 5 6 7 ??
???
1 ?? 20 14 19 15 11 22 8 109
2 ?? 5 13 10 5 1 3 2 39
3 ? NM 2 3 3 7 1 3 0 19
4 ? NM 0 0 1 3 0 2 0 6
5 ?M 1 0 3 3 1 3 1 12
6 ?M 6 2 4 3 3 8 4 30
7 ?? 21 15 13 22 16 50 75 212
?? 55 47 53 58 33 91 90 427
1950-9? 1 2 3 4 5 6 7 ??
???
1 ?? 58 9 28 62 6 75 9 247
2 ?? 12 18 33 31 7 12 4 117
3 ? NM 3 5 13 21 3 13 4 62
4 ? NM 3 1 6 12 2 11 3 38
5 ?M 2 2 7 7 3 8 1 30
6 ?M 9 5 6 30 3 43 8 104
7 ?? 26 20 20 77 11 134 140 428
?? 113 60 113 240 35 296 169 1026
1960-9? 1 2 3 4 5 6 7 ??
???
1 ?? 55 33 66 143 19 82 2 400
2 ?? 13 35 59 70 6 17 1 201
3 ? NM 3 8 33 36 3 13 1 97
4 ? NM 4 8 16 45 0 15 1 89
5 ?M 3 7 15 36 4 17 0 82
6 ?M 15 15 22 86 12 73 3 226
7 ?? 15 26 45 161 29 163 49 488
?? 108 132 256 577 73 380 57 1583
1970-9? 1 2 3 4 5 6 7 ??
128 ????
???
1 ?? 19 43 63 109 15 40 2 291
2 ?? 13 48 55 68 6 9 0 199
3 ? NM 1 25 29 51 3 9 0 118
4 ? NM 6 20 18 40 4 7 0 95
5 ?M 0 14 27 27 5 9 0 82
6 ?M 4 36 45 111 17 63 0 276
7 ?? 5 80 60 150 21 90 13 419
?? 48 266 297 556 71 227 15 1480
1980-9? 1 2 3 4 5 6 7 ??
???
1 ?? 7 58 34 92 8 16 0 215
2 ?? 4 53 44 57 3 9 0 170
3 ? NM 0 22 27 29 1 5 0 84
4 ? NM 4 14 14 44 2 11 0 89
5 ?M 0 12 13 26 3 4 0 58
6 ?M 4 38 39 120 10 33 0 244
7 ?? 0 23 11 55 5 27 1 122
?? 19 220 182 423 32 105 1 982
1990-2005? 1 2 3 4 5 6 7 ??
???
1 ?? 4 27 24 73 2 28 0 158
2 ?? 0 42 37 57 2 12 0 150
3 ? NM 0 10 13 29 2 6 0 60
4 ? NM 4 13 10 45 2 10 0 84
5 ?M 0 6 8 9 1 12 0 36
6 ?M 1 40 25 92 7 40 0 205
7 ?? 2 10 8 23 0 9 1 53
?? 11 148 125 328 16 117 1 746
? 2 1940???? 1990???????????
????
1930-49? 1 2 3 4 5 6 7 ??
???
1 ?? 44 21 18 17 24 41 7 172
2 ?? 4 25 21 8 11 4 3 76
3 ? NM 1 4 6 1 2 4 2 20
4 ? NM 1 1 2 2 2 2 0 10
5 ?M 0 0 2 1 13 8 1 25
6 ?M 3 2 5 5 10 19 4 48
7 ?? 9 19 32 16 41 64 137 318
?? 62 72 86 50 103 142 154 669
1950-9? 1 2 3 4 5 6 7 ??
???
1 ?? 90 27 39 39 23 83 8 309
?? A 1940???? 1990?????????????? 129
2 ?? 6 29 35 26 10 12 1 119
3 ? NM 4 12 18 11 7 16 5 73
4 ? NM 7 5 11 10 3 17 4 57
5 ?M 2 3 10 9 11 21 1 57
6 ?M 13 2 10 13 15 56 7 116
7 ?? 19 21 40 50 48 160 187 525
?? 141 99 163 158 117 365 213 1256
1960-9? 1 2 3 4 5 6 7 ??
???
1 ?? 78 45 39 78 34 152 5 431
2 ?? 11 40 41 60 15 27 0 194
3 ? NM 0 14 33 32 22 28 0 129
4 ? NM 7 3 19 27 10 29 1 96
5 ?M 1 7 14 21 19 24 0 86
6 ?M 13 15 24 38 27 110 5 232
7 ?? 17 29 57 69 52 228 111 563
?? 127 153 227 325 179 598 122 1731
1970-9? 1 2 3 4 5 6 7 ??
???
1 ?? 63 43 42 62 38 87 2 337
2 ?? 11 60 49 55 8 32 2 217
3 ? NM 3 14 29 20 12 10 2 90
4 ? NM 4 11 17 29 6 21 0 88
5 ?M 2 13 19 18 13 29 0 94
6 ?M 7 21 30 42 30 108 5 243
7 ?? 11 34 50 53 50 151 58 407
?? 101 196 236 279 157 438 69 1476
1980-9? 1 2 3 4 5 6 7 ??
???
1 ?? 28 28 29 29 9 55 0 178
2 ?? 1 48 38 39 9 26 1 162
3 ? NM 1 13 20 16 2 14 0 66
4 ? NM 2 12 13 24 4 17 0 72
5 ?M 1 9 4 11 8 13 1 47
6 ?M 3 30 32 43 17 101 0 226
7 ?? 0 20 16 25 13 54 18 146
?? 36 160 152 187 62 280 20 897
1990-2005? 1 2 3 4 5 6 7 ??
???
1 ?? 16 10 5 20 5 42 2 100
2 ?? 2 33 17 33 7 22 0 114
3 ? NM 0 5 7 17 3 16 0 48
4 ? NM 2 10 11 24 4 24 0 75
5 ?M 0 2 8 2 2 10 1 25
6 ?M 3 12 15 39 26 81 2 178
130 ????
7 ?? 0 1 4 8 5 11 3 32
?? 23 73 67 143 52 206 8 572




## interpolation of mobility tables
## ---------------------------------------------------------
## required ’fields’ package
library(fields)
## interp.mob function
interp.mob <- function(mob.tab, grid.length = 100, adjust.colors = 0.5,
color = "tim.colors", o.scale = "", d.scale = "",
o.lab = "", d.lab = "", main.lab ="",
display.fre = FALSE, ...){
## invert the table against diagonal, calculate total percents
n.row <- nrow(mob.tab); n.col <- ncol(mob.tab); mob.N <- sum(mob.tab)
mirror.tab <- matrix(0, n.col, n.row)
mob.per <- matrix(0, (n.col+2), (n.row+2))
for(i in 1:n.row){for(j in 1:n.col){mirror.tab[j,i] <- mob.tab[i,j]}}
mob.per[2:(n.col+1), 2:(n.row+1)] <- mirror.tab/mob.N
## coloring





start = 0.1, end = 1, gamma = 1.0)}}
coltab <- designer.colors(500, col.seeds, spl$y)
## form a grid
loc <- make.surface.grid(list(seq(1, (n.col+2), length = grid.length),
seq(1, (n.row+2), length = grid.length)))
## interpolation and plot
interp.tab <- interp.surface(list(x = 1:(n.col+2),
y = 1:(n.row+2), z = mob.per), loc)
image(as.surface(loc, interp.tab),
xlim = c(0.8, (n.col+2.2)), ylim = c((n.row+2.2), 0.8),
axes = FALSE, col = coltab, ...)
## display labels
if(length(o.scale) != 1){axis(2, at = seq(2, (n.row+1)), lab = o.scale)}
if(length(d.scale) != 1){axis(3, at = seq(2, (n.col+1)), lab = d.scale)}
mtext(o.lab, side = 2, line = 2); mtext(d.lab, side = 3, line = 2)
if(main.lab != ""){










20, 14, 19, 15, 11, 22, 8, 5, 13, 10, 5, 1, 3, 2,
132 ????
2, 3, 3, 7, 1, 3, 0, 0, 0, 1, 3, 0, 2, 0,
1, 0, 3, 3, 1, 3, 1, 6, 2, 4, 3, 3, 8, 4,
21, 15, 13, 22, 16, 50, 75),
nrow = 7, ncol = 7, byrow = TRUE)
interp.mob(mob.tab, grid.length = 200, adjust.colors = 0.3,
zlim = c(0, 0.2), color = "tim.colors",
o.scale = c("??","??","? W","? W","? B","? B","??"),
d.scale = c("??","??","? W","? W","? B","? B","??"),
o.lab = "???", d.lab = "????",
main.lab = "1940???", display.fre = TRUE)
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?? C Griffith’s STI???R?????????
## (20110722 updated)
## ---------------------------------------------------------
## Griffith’s STI (Griffith 1981)
## ---------------------------------------------------------
## required ’sp’ package and ’spdep’ package
library(sp)
library(spdep)
griffith <- function (dta, listw) {
require(spdep)
## nb2listw -> spatial weight matrix
weight.matrix <- function (W) {
if (sum(class(W) == "listw") < 1){
message("Please weight your object using ’nb2listw()’ of ’spdep’ package.")
}else {
NB <- W$neighbours; NBW <- W$weights; xlist <- list()
for (i in 1:length(NB)) {xlist[[i]] <- NB[[i]]}
n <- length(xlist)
mat <- matrix(0, n, n)
for (i in 1:n) {
m <- length(xlist[[i]])
for (j in 1:m) {mat[i, xlist[[i]][j]] <- NBW[[i]][j]}}
return(mat)}}
N <- length(dta[, , 1])
T <- attributes(dta)$dim[3]
W <- unlist(lapply(listw, weight.matrix))
attributes(W)$dim <- c(N, N, T)
X <- as.numeric(dta)
attributes(X)$dim <- c(N, 1, T)
zero <- rep(0, N * N * T)
attributes(zero)$dim <- c(N, N, T)
Xmean <- sum(X) / (N*T)
Z <- X - Xmean
tmp <- zero
for (t in 2:T) {
for (i in 1:N) {
for (j in 1:N) {
tmp[i, j, t-1] <- W[i, j, t-1] * Z[i,,t] * Z[j,,t-1]
}}}
WZZ <- sum(tmp)
WZ2 <- sum(W[,,-1]) * sum(Z^2)
STI <- (N * T - N) * WZZ / WZ2





ESTI2 <- ((T-1)^2 * 2*N^2*T^2*S1 - 4*N*T*S2 + 3*S0^2) /
(T^2 * (N*T - 1) * (N*T + 1) * S0^2)
VSTI <- ESTI2 - ESTI^2
z <- (STI - ESTI) / sqrt(VSTI)
p <- pnorm(z, lower.tail=FALSE)
## output
index <- c(STI=STI, ESTI=ESTI, VSTI=VSTI,z=z, p=p)
others <- c(ESTI2=ESTI2, S0=S0, S1=S1, S2=S2)
names(index) <- c("STI", "Expectation", "Variance",
"standard deviate", "p-value")
res <- cbind(c(index, others))





## shape data ---------
xlist <- list(c(0,1,1,0,0), c(1,2,2,1,1), c(0,1,1,0,0), c(1,2,2,1,1))
ylist <- list(c(0,0,1,1,0), c(0,0,1,1,0), c(1,1,2,2,1), c(1,1,2,2,1))
plist <- list()
for (i in 1:4) {
plist[[i]] <- Polygons(list(Polygon(cbind(xlist[[i]],
ylist[[i]]))), ID = i)}
shp <- SpatialPolygons(plist)
## spatial weight -----
W <- nb2listw(dnearneigh(coordinates(shp), d1=0, d2=1), style = "B")
## attribute data -----
old <- c(5,2,2,2)
new <- c(2,2,5,2)
X <- c(old, new)
attributes(X)$dim <- c(2,2,2)
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